Synaptic structural abnormalities in the Ts65Dn mouse model of Down Syndrome.
The Ts65Dn mouse is a genetic model for Down syndrome. Although this mouse shows abnormalities in cognitive function that implicate hippocampus as well as marked deficits in hippocampal long-term potentiation, the structure of the hippocampus has been little studied. We characterized synaptic structure in Ts65Dn and control (2N) mice, studying the hippocampus (fascia dentata, CA1) as well as the motor and somatosensory cortex, entorhinal cortex, and medial septum. Confocal microscopy was used to examine immunostained presynaptic boutons and to detail the structure of dendrites after Lucifer yellow microinjection. Both presynaptic and postsynaptic elements were significantly enlarged in Ts65Dn in all regions examined. The changes were detected at the youngest age examined (postnatal day 21) and in adults. In studies detailing the changes in fascia dentata and motor cortex, the enlargement of spines affected the entire population, resulting in the presence of spines whose volume was greatly increased. Electron microscopy confirmed that boutons and spines were enlarged and demonstrated abnormalities in the internal membranes of both. In addition, spine density was decreased on the dendrites of dentate granule cells, and there was reorganization of inhibitory inputs, with a relative decrease in inputs to dendrite shafts and an increase in inputs to the necks of spines. Taken together, the findings document widespread abnormalities of synaptic structure that recapitulate important features seen in Down syndrome. They establish the Ts65Dn mouse as a model for abnormal synapse structure and function in Down syndrome and point to the importance of studies to elucidate the mechanisms responsible for synapse enlargement.